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Chapter— 18 Electromagnetic IIldllCtiOn INTERNATIONAL COLLEGE

18.1 Faraday’s laws; Induced electric fields
18.2 Lenz’s law, Motional electromotive force

18.3 A.C. generators; Eddy currents

e
.
5 ¢

18.4 Self-inductance and mutual inductance e W

-
Al i
.
.
i

18.5 Energy stored in an inductor

18.6 Transformer.
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Electromagnetic Induction: & P ﬁmﬁ
* 18.1 State and show understanding of Faraday’s law of electromagnetic induction
e 18.2 State and show understanding of Lenz’s law ‘
* 18.3 Discuss construction and working of A.C. generators

* 18.4 Define eddy currents, explain how they arise and give a few examples
where eddy currents are useful and where they are nuisance

e 18.5 Describe self-inductance and mutual inductance and understand the1r

.
- » -
-

uses SN ARty
* 18.6 State the expression for energy stored in an inductor and use it P AR
wherever needed g Tillitieadln &
* 18.7 Discuss the construction, working principle and 1mportance of g tientt
transformer & gl ettiiteness
.ztzzfﬁ“..:.: e0®
* 18.8 Discuss the sources of energy loss in practical transformer, T R -".'.‘.’.':'-.:.
e v ¢ a0 ® ®
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Magnetic Flux .
" Y XAVIER

Magnetic flux at any surface is no. of magnetic lines of force passing normally through that sur INTERNATIONAL COLLEGE
Let B be the magnetic field and A be the area of the surface where the magnetic lines of force are normally
incident. Then

magnetic flux ( @)= B.A = ‘

= BAcos0
- ® =BAcos6

where, 0 1s the angle between the magnetic field lines B

and the normal (perpendicular) to A.

It is a scalar quantity. The S.I unit of magnetic flux is Weber(Tesla m?).

CGS unit 1s Maxwell

. g G it

Special cases = - Y x
i. When 6= 0 = o o

bp = BAcos0°
g = BA

Maximum flux
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ii. When 6= 90" A S V4 XAVIER
: $ > M INTERNATIONAL COLLEGE
—
L// -
_— >
b = BAcos90° ‘
b = O

Minimum flux

B
.
5

Magnetic Flux density or magnetic field strength or magnetic field oy ge . - o

-
Al i
.
.
i

It 1s defined as the magnetic flux per unit area.

, ()
1.e B= A

Its S.I unit is Tesla(Weber/m?).
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Electromagnetic Induction: L wreismon couirc

The phenomena of generation of an electric current due to change of magnetic lines of force ( magnetic flux) is called
electromagnetic induction. The produced current is called induced Current and the corresponding emf is called induced emf. ‘
Faraday's Laws of electromagnetic induction
Faraday's laws of electromagnetic induction states that
1. Whenever the flux linking with the coil is Changed, an emf is induced. The induced emf lasts as long as the change in

magnetic flux takes place.

ii. The magnitude of induced emf in a coil is directly proportional to the rate of change of magnetic flux.

. do EEET @ R
1€ Eaa
. | o X
Suppose the magnetic flux linking with the coil is changed from @, to @, and induced emf is E then L " tees i
. .. '~ p '. ' ® . L &
_ e e b e ® o4
EOL(Z)Zdt@1 .:.0.0.0" 5@
o i o 00" .
..o...v _;:o....
E=kft AL iiieestetse
where, k is proportionality constant. In ST unit k=1. Ve sign indicates that induced emf is opposite to change in flux; | and ’.’.: o0
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dt 2 W XAVIER
M INTERNATIONAL COLLEGE
E=-2
dt
for N no. of turns,
N
E=-N m

Note:

i. Induced current (I)= %% [ E=IR]

ii. Induced charge (q)= de@

.
.
s
-
-
-
c'..
g 2
'''''
.
- e ®
. . s @
s ¢ .
.
......
. L
<& e« ®
.
.
.
.

1. A circular loop of area 0.015 m? is placed in a uniform magnetic field of 0.30T. If its plane:makes an an'gl.e.; s
of 37° with field, then the magnetic flux through the loop is EERRERRRY
a. Zero b. 2.7 mWb c. 3.6 mWb d.4SEIWD - - - - .. g esss?
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% The magneticfield and number of turns of the coil of an electric generator is doubled then the magnetic flux of the
coil will |

a. Become half
b. Becometwo times
c. Becomethree times

d. Become four times

second. Calculate the induced emf.

Answer: ;=12 x 1073Wb, @,= 6x 1073 Wb

dq) ®,—@; 6x1073-12x1073 6Xx1073

Induced emf (E)=-—= - Franie o1 e 0.6V
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3. In electromagnetic induction, the induced charge is independent of
(a) change of flux l
(b) time

(c) resistance of the coil

(d) None of these

4. An induced e.m.f. is produced when a magnet is plunged into a coil. The strength of the induced e.m.f. is

independent of

(a) the strength of the magnet

(b) number of turns of coil

(c) the resistivity of the wire of the coil

(d) speed with which the magnet is moved

5.Faraday’s laws are consequence of the conservation of
(a) charge

(b) energy

(c) magnetic field

(d) both (b) and (c)
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Lenz’s law states that “the direction of induced current is such that it opposes the causes Whicé/\produces
it”. It gives the direction of flow of current due to induced emf.

Explanation:

changed As a result, an emfis 1nduced and produces induced current. The current produce in the e011 opposes . .-.-.'.;' o Q:i
the moving magnet as shown in ﬁgure (1). - T i ’.’, wel p

However, if the bar magnet is taken away from the coil, the induced emf again produces the current hut -m *tlieee be e
opposne direction as before. So the face of the coil behaves as south pole tending to attract the magnet as’ ihow-rr- . ','.'. T
&
e

in figure (11) . .
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Lenz' Law
Changing reinforced Iron | induces
maghnetic field by an core an EMF
which

| drives
l an

. which .

Alternating : Changing
current |_nduces magnetic field
its own
which
opposes
the ~

original

INTERNATIONAL COLLEGE
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Q.N Show that Lenz law obeys the principle of conservation of energy.
OR
Lenz law follows the principle of conservation of energy. Explain.
Solution,

e T

o .
LA ¢
SR
7
. .
e 9

.
.....
- .
- R
o « *

- L4 > Y
. . .
........

-
o ¥
,o’

result, an emf is induced and produces induced current. The induced current opposes(repels) the motlon of 3 '_ ' 7 l- o gin e SR
magnet as shown in fig(i). Now, in order to move the bar magnet further towards the coil, an extra work has-to” © % % e o o p
be done against repulswe force. This work done is stored in the coil as the form of electrical energy: That’ means‘ E '.'- . ".i
mechanical energy is converted into electrical energy (i.e. magnitude of induced emf). Hence, Lenz 1aw obeys. eot o
the principle of conservation of energy. . cesool
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1. Lenz’s law is an example of conservation of
a. Charge b. Momentum c. Mass d. Energy

2. Lenz’s law gives the direction of
a. Motion of conductor b. Magnetic field c. Induced current d. Currentin any electrical circuit

3.A bar magnet of length L 1s dropped inside a vertical copper pipe of length / (/ <L); it will experiencean
acceleration ‘a’ such that; S

a.a>g b. a=g c. a<g d. a= lf -
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4. The current flows from A to B is as shown in the figure. The direction of the induced current in the loop is
(a) clockwise. l

(b) anticlockwise. O

(c) straight line.

(d) no induced e.m.f. produced.

Answer/Explanation

Answer: a

Explaination: .
(a) By lenz’s law, the induced current must produce 1nward ﬂux to counter magnetlc flux of AB. So induced current is clockw1se in the Ioop -

A > B

induced so that it decreases the flux in the coil.
So, current in the clockwise direction will be induced.

Ioop IS

(a) clockwise

(b) anticlockwise A Q 5
(c) changing

(d) nothing can be said
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What is the direction of induced currents in metal rings 1 and 2 when current I in the wi 1NCISASINE COLLEGE
steadily?

O
. . |
Anti-clockwise (North Pole Clockwise (South Poie
1. Clockwise OZ _'_)_l L—¥

2. Anticlockwise
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Short question M INTERNATIONAL COLLEGE

A copper ring is held horizontally and a bar magnet is dropped through the ring with its length along the axis of the ring. Will the acceleration of the
falling magnet be equal to the acceleration due to gravity ? Explain
| \

OR

S
A bar magnet falls through a metal ring. Will its acceleration be equal to g? Justify your answer. .

Ans: when the magnet approaches the ring, the magnetic flux linked with the ring is chan%fd as

result an emf 1s induced 1n a ring and produces induced current in the ring. According to la |
the current opposes the z%pﬁroach of magnet due to opposing nature of induced emf (induced current), " - -
hence the acceleration of the magnet becomes less than g Ha ; o E

Numericals B . e e

-
.....
Rk .
(o e . *
- e °
a .
. 8

- « ® 9
. *
.

s *
i Tt
-

.
-'.

1.  The magnetic flux passing perpendicular to the plane of coil is given by @=4t>+5t+2, @ is in Weber and t 1s 1n seconels. 'Calcul-at.e‘.tl)e: i .-

u
.
.
e
o
.

a diameter. o::::.c;‘:: .;:0.

. :‘.’.*,,o .....

3. Acoil of 100 turns and area 0.1m? is in a magnetic field of induction 4 x 107> Wbm™2. If the coil is reversed, in-a.time; df . 5b;19.,: ‘.'.....0.
calculate the induced emf in it. AT T TLL 4
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Fleming’s Rl ht Hand Rule Motion . INTERNATIONAL COLLEGE

Magnetic
When thumb, fore finger and middle finger field ©o ‘
are mutually perpendicular to each other,
then

Thumb— direction of motion of conductor
Fore finger — direction of magnetic field
Middle finger — direction of current

B
- = >
.

Current By Ak
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lect us consider a straight conductor of length / moving at right angle to the direction of uniform magnetic
field B with velocity V as shown in above figure. il -

A=IX oo (1)
Now, the flux cut out by the conductor in a magnetic field is
®=B.A

=B/x (using (1))

d®
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E=Blv
Hence, the induced emf in a conductor 1s
E=Blv

Special case :

If a conductor is placed making an angle 6 with the direction of the field, then the induced emf is
E=B/v sinf

Numerical

.
- » -
-

A straight conductor of length 15¢m is moving with uniform speed of 10ms™! making an'.ah-_g_lé_:.o‘f. Pios ¥ Vs

309 with uniform magnetic field of 10~* tesla. Calculate the emf induced across the length. - <% %" g0 4

.
WY
P

SR
»

©
pe
e
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Note: Since only the vertical component of earth’s magnetic field will cut the wings of pleiné ek
perpendicularly, thus only this component will produce induced emf N
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What is motional emf? On what factors does it depend?

Numericals ‘

1. A jet plane is flying due west at the speed of 1800km/h. What is the voltage difference developed between the ends of
wings 25m long. If the earth’s magnetic field is 5x 10~* T and dip angle is 45° .

2. A metal aircraft with a wing span of 40m flies with speed 1000km/h in a direction due east at constant altitude in a region
of the northern hemisphere where the horizontal component of the earth’s magnetic field is 1.6x 10> T and the angle of dip
41°. Find the potential difference developed between the tips of the wing. W . - -
[0.155V] B e

3. A jet airplane with a 75m wingspan is flying at 280 m/s. what emf is induced between wing tips if the vertical CQri}I.qdn'eht'- of QA

the earth’s field is 3x 107> T? AEET R

4. A straight wire 30m long moves at 2m/s perpendicularly through a 1T magnetic field. ool A T i '.'..-..-. g

i. Calculate the induced emfina wire,. 0 T e - . .. pr ‘:',f' .ﬁ
¢

ii. The total resistance of the circuit of which the wire is part is 15€2. What is the current? e | > B .-. L i
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as shown 1in fig (i1).
The magnitude of the flux due to each turn of the coil is
® = BA cos6
® = BA coswt
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From Faraday’s law of electromagnetic induction, the induced emf is equal to the rate of change of flux.
g do
1.c E=- "
e E=. d(N BAcoswt)
dt
d
_ NBA dCCoswn)
dt
= -NBA ( sinwt). w
~ E=NBAwsinwt................. (11)

The emf will be maximum when wt= 90"
maximumemf (E,))=NBAw ....................... (111)
The eqn (i1) becomes
E=E,simwt ...............ceenn. (1v)

This emf 1s called alternating emf
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The current in the coil 1s given by

E
=R
1= Eo sinwt
R
[ =I, sinwt

Eo . . .
where [, = f 1s the maximum value of the induced current.
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4. A wire 30cm long 1s moved 1n a uniform magnetic field having 2x ‘
10~* T. If the induced emf in a wire is 1.25 1072 V. find the velocity
and direction of the wire.
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A device which is used to convert mechanical energy into electrical energy in the form . A X-AVIER
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of alternating current is called ac generator.

Principle :
It works on the principle of electromagnetic induction. i.e. when the coil rotates in a magnetic field, emf is induced in it. l

A fmat ure

~

-
Al i
.
a2t

s @
e
.

e

. <
w b e
.
v SR

Construction - o2 ‘z..... °o® b $
It consists of following parts e &8 bet ° gel
. . BB : ; . ; ® ...
i. Armature: il % e e »i'.-.'.’....::
. . . : - » 9 0@ b @

A rectangular coil ABCD consists of large number of turns of insulated copper wire wound over Soft iwort q&%b . ::’.

called armature. G ',.--".'.'...o.::'...o.:
e . o ML e 8. P
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° The uniform magnetic field is generated by two strong permanent magnet ‘N’ and ‘S’.

iii. Slip rings: The two ends of the armature are connected with the rings R; and R,. These rings are rotated with the rotation of coil.

iv. Carbon brushes: The carbon brushes B; and B, slide along the rings and connected to the external electrical circuit.

Working :

When the armature of the generator rotates in between two poles of the permanent magnet, magnetic flux linked with the armature

is changed. As a result, an emf is induced at its end and produces induced current. The direction of induced current changes in the - -
external circuit after every half rotation of armature. This process is repeated and hence the produced current is alternating nature.. - - -
Theory : , ¥ e

-
Al i
A

Let us consider a rectangular coil having ‘N’ number of turns and each having area ‘A’ is placed in a uniform magnetrc field B>, . %%

suppose the plane of the coil is perpendicular to the magnetic field. At any instant, the coil 1s rotated antlclockw1se direction by ar, 4 « *
angle 0 with the direction of magnetic field as shown in above figure. '

The magnitude of the flux due to each turn of the coil is
® = BA cos0
® = BA coswt
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O =NBAcosWt ..........cccvvvnnnnnnn. (1)
From Faraday’s law of electromagnetic induction, the induced emf is equal to the rate of change of flux.
g do
1.e E=- " |
or, E=- d(N BAcoswt)
dt
— _NBA d(COSwt)
dt
= -NBA (- sinwt). w
~ E=NBAwsinwt................. (11)

The emf will be maximum when wt= 90"
maximumemf (E,) =NBAw ....................... (111)
The eqn (i1) becomes
E=E,sinwt ... (1v)

This emf 1s called alternating emf
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1)  when wt=0, E=0
ii) Whenwt=—, E=E,
111) Whenwt=m, E=0 ‘
1v) When wt= 3711, E=-E,
v)  When wt= 21, E=0

If we plot the graph between E and wt, the graph obtained is sinusoidal curve as shown in below figure r

e
o 7T 27T
O .. -
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The instantaneous current in the coil 1s given by
E
I== ‘
R
- E, Sinwt
R
[ =I, sinwt

Eo . : :
where [, = EO 1s the maximum value of the induced current.
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1. When a coil rotated in magnetic field the induced current in it

1. remains same
11. becomes zero
111. becomes maximum

1v. continuously changes

2. An electric generator converts
1.Electric energy into light energy
2.Mechanical energy into electric energy
3.Electric energy into sound energy
4.Electric energy into mechanical energy

3. The basic principle on which the AC generator works is
1.Electromagnetic induction
2.Energy conservation

3.Lenz law
4 Momentum conservation




l
+ SCIENCE/MANAGEME .
NT/

g 0 [
HUMANITIES/LAW

" W XAVIER

M INTERNATIONAL COLLEGE
Numerical

The armature of a small generator consists of a flat square coil with 120 turns and sides with a length

of 1.6cm. The coil rotates in a magnetic field of 0.75T. What 1s the average speed of the coil if the
maximum emf produced is 24mv?
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* The induced circulating current produced in a metal itself due to change in magneticéﬁ}( inked with """
the metal are called eddy current. The current induced not only in conducting wire or coil, but also in

a conducting sheet or metallic piece placed on it.

* The current induced in a conducting sheet or metallic piece due to change in magnetic flux linked

with 1t 1s called eddy current (Foucault's current).

* Eddy current produces heat in the conducting sheet or metallic piece due to which there is a loss of

power.

* To minimize the energy loss due to eddy current, the iron core should be laminated by thin metal

sheet or varnish.

* The direction of eddy current 1s given by Lenz's law.

induced emf

Eddy current (I) - resistance of conducting sheet
: do
Since , E=-—
dt
dd
dt

Magaetic Flux

Secondary
winding

+ 4

’ Secondary
1 Voltage (V)
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NP =

Uses of Eddy currents (Foucault's currents)

Electromagnetic brakes ( control the speed of electric trains)
Induction furnace

Speedometer (measure instantaneous speed of vehicle)
Coating thickness measurement

Heating of tissue in human body
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The change of the magnetic flux linked with the coil during growth and decay of the current in the coil
produces the induced emf in the same coil. This phenomena is called self induction. l

Induced current Induced current
-— e
I 4 t Current | —
e A M ﬁF
l 8 K ] B K e %
(a) Key is pressed (b) Key is opened e ¥ otk 0 “x
Consider a coil connected with a battery and a key. . .. -','.' Co
When the key i1s pressed(sw1tch on), the current starts growing through the coﬂ as ‘gl,r éﬁft |

the ﬂux linked with the coil also starts growmg through 1t This produces induced emf in the eorl e ; oe

the circuit as shown in ﬁg (a).
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with the coil also decreasing which in turn produces induced emf in the coil. This also

opposes decay of current as shown in fig (b). An opposing induced emf is produced in the coil

during both growth and decay of current.

Coefficient of self induction or Self inductance ‘

leie property of the coil by virtue of which it opposes the growth or decay of the current flowing through it is called Self
Inductance.

We know, flux linked with the coil is directly proportional to the current flowing through a coil.
Dol

Where L is proportionality constant called self inductance.

From faraday’s law of electromagnetic induction, the induced emf in a coil is
do

dt

_dLD
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o If %z 1A/s
then L=-E

Here, self inductance can also be defined as the induced back emf per unit rate of change of current. ‘
The SI unit of Self inductance is Henry(VSA™1).

Q.N Define one henry?
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Ieet us consider a solenoid of length /, cross-sectional area ‘A’ and total no. of turns ‘N”. X XAVIER
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If Ibe the current flowing through the coil then magnetic field inside the solenoid is

B =punl
= ol (i) |
For N no. of turns, flux linked with the solenoid is
O=NBA ............... (i1)
from eqn (1) and (11)
®=p,~1xNA
NZ . e A T
(D:HOTAI ............ (111)
Also, magnetic flux linked with the coil is, > i A
O=LI oo (iv) ke Frr
from eqn (iii) and (iv) AR : -,ﬂ;'." .
L:% ,-,’.‘.EE:Z lé,;:....‘é.:.'
This is the required expression for self inductance of solenoid. i - - e :’:EE:‘.’..:.E:.
- 4
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Bhe phenomenon of production of induced emf in a secondary coil due to change in currentin
primary coil 1s called mutual induct’

Coil 1 Coil 2 V
>

upply

L]
a ®
e ¥

We know, the magnetic flux linked with the secondary coil is directly proportional to the current

flowing through the primary coil. i.e '. :j.’ oo :
O, =M,
Where M is proportionality constant called mutual inductance. e e .
4 &
®
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From faraday's law of electromagnetic induction, the induced emf in a secondary coil 1s
B — dd,
¥ dt

_ _dMip)
T dt

~E, =M dhy ( Taking magnitude only)

dt
or, M = E,
dl,,
dp dt
If ——=1As"!then, ;
dt .
Mutual inductance is also defined as the induced emf produced in secondary coil due to unit s E.'..' teee :
rate of change of current in primary coil. RATY

[ts SI unit1s Henry
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Let us consider two solenoids S; and S, having N; and N, no. of turns respectively.
Let ‘I’ be the equal length of co-axial solenoid. Suppose I; be the current flowing . _
through solenoid S; as shown in figure. Ty g . o w
We know, the flux linked with S, is directly proportional to the current flowing in §; - - S a ¥ MR
solenoid. i.e i ik gk

O, aly
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The magnetic flux linked with S, due to N, no. of turns is

The magnetic field inside the solenoid S; 1s given by

Similarly,

®,_N,B;A
By = ponyly
B, = 1N L

I
Using eq™ (3) and (2)

= 1N N> A

D, l

L

comparing eq™ (1) and (4)

JNiN,A
M, = AL ; s

NN
M,, = sl ; A

(2)

3)

4)

~ W XAVIER

INTERNATIONAL COLLEGE

PZ\

-
Al i
. *
s
e
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g

<
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Energy stored in an inductor TIONAL COLLEGE
L




8}
+ SCIENCE/MANAGEME S .
NT/ = 55

HUMANITIES/LAW 5 W

M INTERNATIONAL COLLEGE

The total work done is obtained by integrating dw from 0 to I
I
W= | o AW

= [ LIdI

2
w o LE
2

This work done will be stored in the form of magnetic energy in the inductor

Therefore, the energy stored in the inductor 1s .

U=- LI
2
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It 1s a device which is used to step up or step down the input voltage.

Principle: It is based on the principle of mutual induction.

! L ]
Doie : ' Secondary »
Nty Voltage (Vi) .
ol Tarems

®
Secondary :‘.:

— ....Q.';.....'z...
= - ......
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It consists of two coils primary and secondary wounded over common laminated iron core. If
the no. of turns in primary coil is greater than that of secondary coil then such type of transformer is
called step down transformer. If the no. of turns in secondary coil 1s greater than that of primary coil ‘
then such type of transformer is called step up transformer.

Working:
when an ac is supplied to the primary coil, magnetic flux linked with the coil is changed.
As a result an emf is induced in primary coil due to self induction and hence emf is produced in

secondary coil due to mutual induction.

Theory:
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Dividing eq™ (2) and (1)

Es _Ng
Ep Np
& _&_ K
Ep - NP_ ..................
Ny .. o Y et
Where,w = K is called transformation ratio B
P L
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Efficiency of transformer: W XAVIER
The efficiency of transformer is defined as the ratio of output power to the input L\ Nrervimonan coiece
power.

Out power  Eglg

Efficiency (n) =

Input power Eplp

A step down transformer transforms a supply line voltage 220 volts into 100 volts. Primary coil has 500 turns.
The efficiency and power transmitted by the transformer are 80 % and 80kw. Find

a) The no. of turns in the secondary coil

b) Power supplied

©
¢ *
e *
.

Hints: Ep =220V, E=100V, n=80%, Np =500, Power transmitted(output powef_)'_:',ébkw . -“ A
Ng = ?, power supplied(input power)= ? i e % 2085
il e e0®
E N Out power 4. " . -:::::o:.‘:
Apply 2) E_i ) Wi' b)n = Input power 100% g AT ...o.o.o.o:
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" Question: A transformer has 500 turns in the primary coil and 100 turns in the =*®
secondary coil. What is output voltage 1f the input voltage 1s 4000volts? If the Z/\ remiersty o
transformer 1s assumed to have an efficiency of 100%, what primary current
1s required to draw 2000watts from the secondary?

Energy losses in transformer: ‘
a) Copper loss:

The copper wires used in windings of the transformer leads to Joule heating effect (E=I“Rt). Hence
some energy is lost in the form of heat. To minimize this loss, thick wires considerably low resistance
are used.

b) Flux loss:

which results in loss of energy.

C) Eddy current loss:

losses. It is minimized using lamlnated 1ron core.
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d) Hysteresis loss:

This loss of energy is due to repeated magnetization and demagnetization of the iron core caused by

the alternating input current. This energy loss can be minimized by using suitable material having l
narrow hysteresis loop for the core of the transformer.

Question: What are different loss power losses in a transformer? What measure do you take to
minimize these losses?

Question: Mention two types of loss in a transformer.
Question: Why transformer cannot be used in dc circuits?
OR

OR
Explain why a transformer cannot work with direct current
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b. What inductance would be needed to store 1kwh of energy in a coil carrying a 200A current?

Energy strored (U)=1kwh= 1000x £ x60 x 60 s

1.  What is meant by 1deal transformer? Describe principle, construction and working of transformer. What
are the uses of transformer?

2. Two closely wound circular coils have the same number of turns but one has twice the radius of the other.
What is the ratio of self inductance of the two coils?

4. A 2.0 H solenoid 1s connected in series with a resistor, so that the total resistance 1s 0.50Q2to a 2.0V d.c
supply. What is

a. the final current? g .

b. the initial rate of change of current with time? Al

c. the rate of change of current with time when the currentis 2.0?
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5. Why i1s the long distance transmission of a.c 1s economical?

6. Why do we prefer a choke coil to rheostat in an a.c circuit?

7. A coil of wire of certain radius has 600 turns and a self inductance of 108mH. What will be the self
inductance of another similar coil with 500 turns?

8. A sheet of copper is placed between the poles of an electromagnet with the magnetic field

perpendicular to the sheet. When it is pulled out, a considerable force 1s required and the force required

increases with speed. Why?

9. If the no. of turns of solenoid is doubled, keeping the other factors constant, how does the self- X

inductance of the solenoid change? Lo

10. How can an a.c. generator be converted into d.c. generator?
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1.  The role of the inductor is equivalent to V4 XAVIER

. M INTERNATIONAL COLLEGE
a. Inertia  b. force C. energy d. momentum

2. The energy stored in a 50 mH inductor carrying a current of 4A is

a. 0.1 b. 0.4) c. 0.04] d. 0.01J l
3. A dynamo
a. Creates mechanical energy b. creates electrical energy  c. converts electrical to mechanical  d.

converts mechanical to electrical
4. If supply frequency of a transformer increases, the secondary output voltage of transformer
a. Increases b. decreases C. remain same d. bothaand b
Hint: in transformer the input frequency and output frequency remain same.

5. The self inductance of a straight conductor is 1 T -

a. Zero b. infinity C. negative d. positive T S
N @ = LI, for straight conductor N=0, so L=0 g e ik ’-EE‘,', oo
6. Eddy current does not cause | B ‘ .2.:-.;' cove

a. Damping b. heating c. sparking d. energy loss i .
- ® ) °® °®
In eddy current, the electrons are only at the surface of the conductor and the electrons do notJm °%%e

off to enter the air and heat it. Hence, therei lS no sparking. Therefore, eddy currents -do, not eaq&é ooo o8
sparking. So, the correct answer is “Option c”’ : s
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6. Eddy current does not cause IR

a. Damping b. heating c. sparking d. energy loss

In eddy current, the electrons are only at the surface of the conductor and the electrons do not l
jump off to enter the air and heat it. Hence, there is no sparking. Therefore, eddy currents do

not cause sparking. So, the correct answer is “Option c”.

7. Transformer cores are laminated in order to
a. Reduce eddy current b. increase electric flux c. reduce hysteresis loss d. reduce copper loss
8. A transformer

Changes ac to dc
Changes dc to ac

Up or down ac voltage

o o T D

Up or down dc voltage
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. The magnetic flux passing perpendicular to the plane of coil is given by ¢=4t>+5t+2 where ‘¢’ is
in Weber and ‘t’ 1s in second. Calculate the magnitude of instantaneous emf induced in the coil when
t=2sec. Also find the current induced in the coil if the resistance of the coil 1s 3Q). [21V, 7A] l

2. A straight conductor of length 25cm 1s moving perpendicular to its length with a uniform speed of
10m/s making an angle of 45° with a uniform field of 10T. Calculate the emf induced across its
length. [17.68V]

3. A coil of 100 turns, each of area 2x 10~ m2 has a resistance of 12Q. It lies in a horizontal plane -
in a vertical magnetic flux density of 3x 1073 Wb m~2. What charge circulates through the coil 1f 1ts
ends are short-circuited and the coil is rotated through 180° about a diametrical axis? [10 4C ] -----

> ®
s ®
.
.

sw1tch1ng on the circuit of 2A is set up in the coil. Calculate the energy stored in the co1l (y0“471:><
107 H/m) [1 58>< 10 2]]

L
a @
s ©

indicad in 1t
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& A long solenoid of 1000 turns and cross sectional area 2x 1073 m? carries a current of 2A and produces a
flux density 52x 1073 T inside it. Calculate the self inductance of the coil. [0.052H] |

5. An air cored solenoid having a diameter of 4cm and a length of 60cm 1s wound with 4000 turns. Find the
inductance of the solen01d What 1s the inductance of the solenoid if it has iron core of relative permeability
400? (ny=4nx 10~7 H/m) [0.0421H, 16.84H]

8. A long solenoid with 15 turns per cm has a small loop of area 2 cm? placed inside, normal to the axis of the
solenoid. If the current by the solenoid changes steady from 2A to 4A in 0.1 second, what 1s the induced
voltage in the loop, while the current is changing? [7 5x107°V] g

e *
s ®
.
.

.
......
* ° ® L ]

>

that the ﬂux links 1ts turns normal to X has 10 turns and mean area 4 X 10~ >m? Calculate the mutual Y
inductance between the coil X and solenoid. [5 X 107 2H, 10 6H] ¥
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A transformer has 500 turns in the primary coil and 100 turns in the secondary coil. What is the output
voltage 1f the input voltage 1s 4000 volts? If the transformer 1s assumed to have an efficiency of 100%,
what primary current is required to draw 2000 watts from the secondary? [800V, 0.5A] |

A step down transformer transforms a supply line voltage 220 volts into 100 volts. Primary coil has 500
turns. The efficiency and power transmitted by the transformer are 80% and 80 kw. Find (a) the number of
turns in the secondary coil (b) power supplied. [250 turns, 100kw]

Find the emf induced in a straight conductor of length 25 ¢cm, on the armature of a dynamo and 12 cm from- -' »_
the axis, when the conductor 1s moving in a uniform radial magnetic field of 0.5 T. The armature 1S rotatmg
at 1000 revolutions per minute. [1.57V] et

e *
s ®
.
.

.......
.

the wheel. [44.2 rev/sec] y '. e Pt oot

A circular metal disc of area 3.0x 10~ 3m? is rotated at 50 rev/sec about an axis through 1ts cen.ter oo se s

perpendicular to its plane. The disc is in uniform field of flux density 5.0 X 1073T. In the d‘n’.ectlon of. a.x-lg;::
What is the value of induced emf. [7.5 x 10™*V] Ll lteeentll
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